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(54) AIR CONDITIONER AND METHOD FOR CONTROLLING AIR CONDITIONER

(57) An air conditioner may include a compressor
configured to compress a refrigerant; an indoor heat ex-
changer configured to convert a gaseous refrigerant into
a liquid refrigerant in a heating mode; an outdoor heat
exchanger configured to convert the liquid refrigerant into
the gaseous refrigerant in the heating mode; a main pipe
configured to connect the indoor heat exchanger and the
outdoor heat exchanger; an injection pipe branched from
the main pipe and configured to connect to an injection
port of the compressor; a main valve installed on the main
pipe and configured to control flow rate of the refrigerant
flowing into the main pipe; an injection valve installed on
the injection pipe and configured to control the flow rate
of the refrigerant flowing into the injection pipe; and a
controller configured to calculate an injection ratio based
on a degree of opening of the injection valve and the
main valve, and to control the degree of opening of the
injection valve when the calculated injection ratio is not
included in a preset range.
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Description

[Technical Field]

[0001] The present disclosure relates to an air condi-
tioner in which a refrigerant is circulated in an injection
type and a method of controlling the same.

[Background Art]

[0002] An air conditioner includes an outdoor unit to
perform heat exchange between outdoor air and a refrig-
erant and an indoor unit to perform the heat exchange
between indoor air and the refrigerant. The air conditioner
is an apparatus that cools or heats the indoor air using
movement of heat generated during evaporation and
condensation of the refrigerant that circulates in a heat
pump cycle including compression, condensation, de-
compression, and evaporation.
[0003] When using the heat pump cycle, since the heat
exchange is performed between the outdoor air and the
refrigerant, the heating performance decreases as an
outside temperature decreases.
[0004] In recent times, in order to improve the heating
performance of the air conditioner, an injection type in
which a part of the refrigerant passing through a con-
denser is injected into a compressor to increase flow rate
of the refrigerant has been introduced.

[Disclosure]

[Technical Problem]

[0005] An aspect of the present disclosure is to provide
an air conditioner capable of increasing efficiency of the
air conditioner by increasing an amount of a refrigerant
flowing through an injection valve and preventing dete-
rioration of the refrigerant and damage to a compressor
due to an increase in a temperature inside the compres-
sor.

[Technical Solution]

[0006] An aspect of the disclosure provides an air con-
ditioner including: a compressor configured to compress
a refrigerant; an indoor heat exchanger configured to
convert a gaseous refrigerant into a liquid refrigerant in
a heating mode; an outdoor heat exchanger configured
to convert the liquid refrigerant into the gaseous refrig-
erant in the heating mode; a main pipe configured to con-
nect the indoor heat exchanger and the outdoor heat ex-
changer; an injection pipe branched from the main pipe
and configured to connect to an injection port of the com-
pressor; a main valve installed on the main pipe and con-
figured to control flow rate of the refrigerant flowing into
the main pipe; an injection valve installed on the injection
pipe and configured to control the flow rate of the refrig-
erant flowing into the injection pipe; and a controller con-

figured to calculate an injection ratio based on a degree
of opening of the injection valve and the main valve, and
to control the degree of opening of the injection valve
when the calculated injection ratio is not included in a
preset range.
[0007] The controller may be configured to control the
degree of opening of the injection valve based on a re-
lationship between the injection ratio and dryness of the
refrigerant flowing from the injection.
[0008] The controller may be configured to control the
degree of opening of the injection valve so that the injec-
tion ratio is included in the preset range.
[0009] The controller may be configured to reduce the
degree of opening of the injection valve when the injection
ratio is not included in the preset range.
[0010] The preset range cannot exceed a limit value.
The limit value may include a range of 0.35 to 0.45.
[0011] The controller may be configured to calculate
an opening ratio of the injection valve and the main valve
based on the degree of opening of the injection valve and
the main valve.
[0012] The controller may be configured to calculate
the opening ratio of the injection valve and the main valve
based on a maximum value of an opening degree of the
main valve and the injection valve, a length of an inner
diameter, and an initial value of the opening degree at
which the a flow occurs in the main valve and the injection
valve.
[0013] The controller may be configured to calculate
the injection ratio based on the opening ratio of the in-
jection valve and the main valve.
[0014] The compressor may be configured to com-
press the refrigerant mixed with the liquid refrigerant and
the gaseous refrigerant flowing from the injection valve
and the liquid refrigerant flowing from the main valve.
[0015] Another aspect of the disclosure provides a
method of controlling an air conditioner including a com-
pressor, an indoor heat exchanger, and an outdoor heat
exchanger, the method including: calculating an injection
ratio based on a degree of opening of a main valve in-
stalled on a main pipe and controlling flow rate of a re-
frigerant flowing into the main pipe and a degree of open-
ing of an injection valve installed on an injection pipe and
controlling the flow rate of the refrigerant flowing into the
injection pipe; and controlling the degree of opening of
the injection valve when the calculated injection ratio is
not included in a preset range.
[0016] The controlling of the degree of opening of the
injection valve may include controlling the degree of
opening of the injection valve based on a relationship
between the injection ratio and dryness of the refrigerant
flowing from the injection.
[0017] The controlling of the degree of opening of the
injection valve may include controlling the degree of
opening of the injection valve so that the injection ratio
is included in the preset range.
[0018] The controlling of the degree of opening of the
injection valve may include reducing the degree of open-
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ing of the injection valve when the injection ratio is not
included in the preset range.
[0019] The preset range cannot exceed a limit value.
The limit value may include a range of 0.35 to 0.45.
[0020] The controlling of the degree of opening of the
injection valve may include calculating an opening ratio
of the injection valve and the main valve based on the
degree of opening of the injection valve and the main
valve.
[0021] The method may further include calculating the
opening ratio of the injection valve and the main valve
based on a maximum value of an opening degree of the
main valve and the injection valve, a length of an inner
diameter, and an initial value of the opening degree at
which a flow occurs in the main valve and the injection
valve.
[0022] The calculating of the injection ratio may include
calculating the injection ratio based on the opening ratio
of the injection valve and the main valve.
[0023] The compressor may be configured to com-
press the refrigerant mixed with the liquid refrigerant and
the gaseous refrigerant flowing from the injection valve
and the liquid refrigerant flowing from the main valve.

[Advantageous Effects]

[0024] According to the air conditioner and the method
of controlling the air conditioner according to an embod-
iment, there is an effect of increasing an efficiency of the
air conditioner by increasing an opening degree of the
injection valve as much as possible within a range where
there is no risk of damage to the compressor.

[Description of Drawings]

[0025]

FIG. 1 is a view schematically illustrating a heating
cycle in an injection-type air conditioner.
FIG. 2 is a graph illustrating a heating capacity and
a heating load of a general air conditioner without
applying an injection type.
FIG. 3 is a view embodying a configuration of an
outdoor unit and an indoor unit in an air conditioner
according to an embodiment.
FIG. 4 is a control block diagram of an air conditioner
according to an embodiment.
FIG. 5 is a view illustrating a flow of a refrigerant
when an air conditioner operates in a cooling mode
according to an embodiment.
FIG. 6 is a view illustrating a flow of a refrigerant
when an air conditioner operates in a heating mode
according to an embodiment.
FIG. 7 is a graph illustrating a PH diagram (refrigerant
diagram) representing a relationship between en-
thalpy and pressure.
FIG. 8 is a view illustrating a constant dryness line
in a PH diagram.

FIG. 9 is a graph illustrating a circulation process of
a refrigerant in a PH diagram in an injection-type air
conditioner for injecting a gaseous refrigerant.
FIG. 10 is a graph illustrating a circulation process
of a refrigerant in a PH diagram in an air conditioner
of a two-phase injection type in which a liquid refrig-
erant and a gaseous refrigerant are mixed.
FIGS. 11 and 12 are views illustrating a relationship
between vibration of a compressor and an injection
ratio according to dryness of a refrigerant.
FIG. 13 is a graph illustrating a relationship between
an injection ratio and an opening ratio of an electronic
expansion valve.
FIG. 14 is a view illustrating equations and specific
values required to calculate an injection ratio.
FIG. 15 is a flowchart illustrating a method of con-
trolling an air conditioner according to an embodi-
ment.

[Modes of the Invention]

[0026] Like reference numerals refer to like elements
throughout the specification. Not all elements of embod-
iments of the disclosure will be described, and description
of what are commonly known in the art or what overlap
each other in the embodiments will be omitted. The terms
as used throughout the specification, such as "∼ part," "∼
module," "∼ member," "∼ block," etc., may be implement-
ed in software and/or hardware, and a plurality of "∼
parts," "∼ modules," "∼ members," or "∼ blocks" may be
implemented in a single element, or a single "∼ part," "∼
module," "∼ member," or "∼ block" may include a plurality
of elements.
[0027] It will be understood that when an element is
referred to as being "connected" to another element, it
can be directly or indirectly connected to the other ele-
ment, wherein the indirect connection includes "connec-
tion" via a wireless communication network.
[0028] Also, when a part "includes" or "comprises" an
element, unless there is a particular description contrary
thereto, the part may further include other elements, not
excluding the other elements.
[0029] Throughout the specification, when a compo-
nent transmits a signal or data to other components, this
does not exclude another component between the com-
ponent and the other components and is transmitted
through the component, unless otherwise stated.
[0030] As used herein, the singular forms "a," "an" and
"the" are intended to include the plural forms as well,
unless the context clearly indicates otherwise.
[0031] An identification code is used for the conven-
ience of the description but is not intended to illustrate
the order of each step. Each of the steps may be imple-
mented in an order different from the illustrated order
unless the context clearly indicates otherwise.
[0032] Hereinafter, the operation principles and em-
bodiments of an air conditioner and a method of control-
ling the same will be described with reference to the ac-
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companying drawings.
[0033] FIG. 1 is a view schematically illustrating a heat-
ing cycle in an injection-type air conditioner, and FIG. 2
is a graph illustrating a heating capacity and a heating
load of a general air conditioner without applying an in-
jection type.
[0034] According to an injection-type air conditioner 10
illustrated in FIG. 1, a refrigerant supplied from an accu-
mulator 11 may be injected into a compressor 12. The
compressor 12 may compress a low-temperature low-
pressure gaseous refrigerant, and may discharge a high-
temperature high-pressure gaseous refrigerant.
[0035] The discharged gaseous refrigerant may flow
into an indoor heat exchanger 13 installed in a room. The
indoor heat exchanger 13 may serve as a condenser for
condensing the high-temperature high-pressure gase-
ous refrigerant into a liquid refrigerant having a high pres-
sure below a condensation temperature, and may per-
form heat exchange with peripheral air in response to a
change in refrigerant enthalpy. In a heating cycle, the
indoor heat exchanger 13 may release heat while con-
densing the gaseous refrigerant into a liquid phase, so
that indoor air may be heated.
[0036] When the refrigerant flows through a main pipe
10a, the low-temperature high-pressure liquid refrigerant
that has passed through the indoor heat exchanger 13
may expand and be decompressed in a main valve 15a.
[0037] On the other hand, when a phase change such
as condensation or evaporation occurs by the heat ex-
change in the heat exchanger, a part of the introduced
refrigerant may remain without phase conversion. For
example, when the gaseous refrigerant is converted into
the liquid refrigerant by the heat exchange in the indoor
heat exchanger 13, some of the gaseous refrigerant may
remain in a gaseous state. Therefore, the refrigerant dis-
charged from the indoor heat exchanger 13 may be in a
state in which the liquid refrigerant and the gaseous re-
frigerant are mixed.
[0038] In addition, some phase conversion may occur
even when the liquid refrigerant expands. For example,
when the liquid refrigerant passes through the main valve
15a, some of the refrigerant may undergo phase conver-
sion into the gaseous refrigerant.
[0039] The low-temperature low-pressure liquid refrig-
erant which has passed through the main valve 15a may
be injected into an outdoor heat exchanger 16 which is
installed outdoors. The outdoor heat exchanger 16 may
serve as an evaporator for evaporating a two-phase re-
frigerant of the low-temperature low-pressure into the
gaseous refrigerant.
[0040] The gaseous refrigerant that has passed
through the outdoor heat exchanger 16 may be injected
back into the accumulator 11. The accumulator 11 may
filter out the refrigerant remaining in the liquid phase with-
out phase conversion among the injected refrigerant.
[0041] As described above, since the outdoor heat ex-
changer 16 converts the liquid refrigerant into the gase-
ous refrigerant, energy must be supplied from outdoor

air. Therefore, as illustrated in FIG. 2 due to character-
istics of the outdoor heat exchanger 16 installed out-
doors, as an outdoor temperature decreases, a heating
capacity decreases and a heating load increases, result-
ing in a decrease in heating performance. Conversely,
as the outdoor temperature increases, the heating ca-
pacity increases and the heating load decreases, result-
ing in surplus capacity.
[0042] Therefore, in order to improve the heating per-
formance in the injection-type air conditioner 10, by
branching the main pipe 10a at an outlet of the indoor
heat exchanger 13 to form an injection pipe 10b, a part
of the refrigerant that has passed through the indoor heat
exchanger 13 may be supplied to the compressor 12.
[0043] When an injection valve 15b is opened, the re-
frigerant that has passed through the indoor heat ex-
changer 13 may be introduced into the injection pipe 10b,
and the liquid refrigerant flowing through the injection
pipe 10b may expand in the injection valve 15b, the pres-
sure and temperature are lowered, and heat exchanges
while passing through an auxiliary heat exchanger 14.
[0044] In a vapor injection type, only the gaseous re-
frigerant may be supplied to the compressor 12, and in
a two-phase injection type, the refrigerant in the mixed
state of the liquid refrigerant and the gaseous refrigerant
may be supplied to the compressor 12.
[0045] The air conditioner according to the embodi-
ment may adopt the two-phase injection type to further
increase heating efficiency by increasing the amount of
the refrigerant supplied to the compressor 12. However,
the adoption of the two-phase injection type does not
always mean that only two-phase injection is performed.
Depending on the operating environment of the air con-
ditioner, it may mean that it can operate in a normal mode
without opening an injection flow path, or it can operate
in a gaseous injection mode that supplies only the gas-
eous refrigerant, or it can operate in a two-phase injection
mode that supplies all of the gaseous refrigerant and the
liquid refrigerant.
[0046] FIG. 3 is a view embodying a configuration of
an outdoor unit and an indoor unit in an air conditioner
according to an embodiment, and FIG. 4 is a control block
diagram of an air conditioner according to an embodi-
ment.
[0047] The air conditioner according to the embodi-
ment is an apparatus capable of heating or heating and
cooling. In the embodiments described below, the air
conditioner capable of performing both heating and cool-
ing will be described as an example.
[0048] Referring to FIG. 3, an air conditioner 1 may
include an outdoor unit 100 to perform the heat exchange
between the outdoor air and the refrigerant and an indoor
unit 200 to perform the heat exchange between the indoor
air and the refrigerant.
[0049] The outdoor unit 100 and the indoor unit 200
may be coupled to each other through a refrigerant pipe,
resulting in formation of a cycle. In addition, a flow of the
refrigerant between the components constituting the out-
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door unit 100 and the flow of the refrigerant between the
components constituting the indoor unit 200 may also be
made through the refrigerant piping.
[0050] As the refrigerant that exchanges heat with the
indoor air or the outdoor air, an HFC-based refrigerant
may be used, and for example, an R32 refrigerant or a
mixed refrigerant including the R32 refrigerant may be
used.
[0051] A compressor 120 may compress the low-tem-
perature low-pressure refrigerant sucked through a suc-
tion port 121 to a high-temperature high-pressure refrig-
erant, and may discharge the high-temperature high-
pressure refrigerant through a discharge port 122.
[0052] For example, the compressor 120 may be im-
plemented as a rotary compressor or a scroll compres-
sor. However, the example of the compressor 120 is not
limited thereto.
[0053] The discharge port 122 of the compressor 120
and the other end of the pipe connected to one end may
be connected to a flow passage switching valve 151. For
example, the flow passage switching valve 151 may be
implemented as a 4-way valve, and may switch the flow
of the refrigerant discharged from the compressor 120
according to an operation mode (cooling mode or heating
mode), thereby forming a refrigerant flow path required
for operation in the corresponding mode.
[0054] The flow passage switching valve 151 may in-
clude a first port 151a connected to the discharge port
122 of the compressor 120, a second port 151b connect-
ed to an indoor heat exchanger 230, a third port 151c
connected to an outdoor heat exchanger 130, and a
fourth port 151d connected to an accumulator 110.
[0055] During the cooling mode, the outdoor heat ex-
changer 130 may operate as the condenser for condens-
ing the high-temperature high-pressure gaseous refrig-
erant into the high-pressure liquid refrigerant below a
condensation temperature. During the heating mode, the
outdoor heat exchanger 130 may operate as the evapo-
rator for evaporating the low-temperature low-pressure
liquid refrigerant into the gaseous refrigerant.
[0056] The outdoor heat exchanger 130 may perform
the heat exchange between the refrigerant and the out-
side air in response to the change in the refrigerant en-
thalpy, and may include an outdoor fan 181 configured
to increase the heat exchange efficiency between the
refrigerant and the outdoor air.
[0057] A main valve 152 may be installed between the
outdoor heat exchanger 130 and the indoor heat ex-
changer 230. The main valve 152 may be implemented
as an electronic expansion valve configured to adjust a
degree of opening thereof. The main valve 152 may ex-
pand the refrigerant, may adjust flow rate of the refriger-
ant, and may prevent the flow of the refrigerant.
[0058] In addition, the accumulator 110 may be pro-
vided between the fourth port 151d of the flow passage
switching valve 151 and the compressor 120. The accu-
mulator 110 may filter the refrigerant remaining in the
liquid phase and fail to phase change among the refrig-

erants flowing into the compressor 120 from the flow pas-
sage switching valve 151 and supply oil to the compres-
sor 120.
[0059] In addition, an oil separator for separating the
oil may be provided between the compressor 120 and
the first port 151a of the flow passage switching valve
151, and it is also possible to separate the oil from the
refrigerant discharged from the compressor 120.
[0060] The indoor unit 200 may be an apparatus for
cooling/heating the indoor air of the indoor space through
the heat exchange between the refrigerant and the air.
The indoor unit 200 may include the indoor heat exchang-
er 230 and an indoor fan 281. If necessary, two or more
of the indoor heat exchangers 230 and the indoor fans
281 may also be installed.
[0061] During the cooling mode, the indoor heat ex-
changer 230 may operate as the evaporator for evapo-
rating the low-temperature low-pressure liquid refrigerant
into the gaseous refrigerant. During the heating mode,
the indoor heat exchanger 230 may operate as the con-
denser for condensing the high-temperature high-pres-
sure gaseous refrigerant into the high-pressure liquid re-
frigerant below a condensation temperature.
[0062] The indoor fan 281 may be installed adjacent
to the indoor heat exchanger 230, and may circulate the
indoor air, such that the indoor fan 281 may increase the
efficiency of the heat exchange between the refrigerant
circulating in the indoor heat exchanger 230 and the in-
door air.
[0063] In addition, the indoor unit 200 may include an
indoor unit valve 154 configured to control the flow of the
refrigerant. The indoor unit valve 154 may be implement-
ed as the electronic expansion valve configured to adjust
the degree of opening thereof. The indoor unit valve 154
may expand the refrigerant, may adjust the flow rate of
the refrigerant, and may prevent the flow of the refriger-
ant.
[0064] Meanwhile, a main pipe 101 connecting the in-
door heat exchanger 230 and the outdoor heat exchang-
er 130 may be branched to form an injection pipe 103.
The injection pipe 103 may be branched from the main
pipe 101 and connected to an injection port 123 of the
compressor 120 through an auxiliary heat exchanger
140.
[0065] The injection pipe 103 may be provided with an
injection valve 153 that controls the flow rate of the re-
frigerant flowing through the injection pipe 103, and the
injection valve 153 may be implemented as an electric
valve capable of controlling the flow rate. For example,
the injection valve 153 may be implemented as the elec-
tronic expansion valve.
[0066] The auxiliary heat exchanger 140 may perform
the heat exchange between the refrigerants, and may
secure a supercooling degree of the high pressure re-
frigerant when operating in the cooling mode, and may
adjust dryness of the refrigerant flowing into the injection
port 123 of the compressor 120 when operating in the
injection mode. For example, the auxiliary heat exchang-
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er 140 may be implemented as a double tube heat ex-
changer.
[0067] Hereinafter, control-related contents of the air
conditioner 1 will be described with reference to FIG. 4.
[0068] Referring to FIG. 4, the outdoor unit 100 of the
air conditioner 1 may include an outdoor-unit controller
170 that controls the compressor 120, a valve unit 150,
a fan unit 180, sensors 160 that measure a temperature
and pressure of the refrigerant or peripheral air, and an
outdoor-unit communication interface 190 that commu-
nicates with the indoor unit 200.
[0069] The valve unit 150 may include the flow pas-
sage switching valve 151, the main valve 152, and the
injection valve 153, and the fan unit 180 may include the
outdoor fan 181.
[0070] The sensors 160 may include a temperature
sensor 161, a pressure sensor 162, and an RPM sensor
163. The sensors 160 may measure the temperature,
pressure, and a number of revolutions, which will be de-
scribed later, according to a predetermined period, and
may measure in real time, or may measure when a spe-
cific event occurs. Also, the predetermined measurement
period may be changed.
[0071] The temperature sensor 161 may include a dis-
charge temperature sensor 161a and a suction temper-
ature sensor 161b, and the pressure sensor 162 may
include a discharge pressure sensor 162a and a suction
pressure sensor 162b.
[0072] The discharge temperature sensor 161a may
be installed on the discharge port 122 side of the com-
pressor 120 to measure the temperature of the refrigerant
discharged from the compressor 120. The suction tem-
perature sensor 161b may be installed on the suction
port 121 side of the compressor 120 to measure the tem-
perature of the refrigerant sucked into the compressor
120.
[0073] The discharge pressure sensor 162a may be
installed on the discharge port 122 side of the compressor
120 to measure the pressure of the refrigerant dis-
charged from the compressor 120. The suction pressure
sensor 162b may be installed on the suction port 121
side of the compressor 120 to measure the pressure of
the refrigerant sucked into the compressor 120.
[0074] In addition, the temperature sensor 161 may
further include an outdoor temperature sensor that meas-
ures an outdoor temperature and an indoor temperature
sensor that measures an indoor temperature.
[0075] The RPM sensor 163 may measure the number
of revolutions of the compressor 120.
[0076] A valve sensor 164 may measure the degree
of opening of the valve unit 150. Particularly, the valve
sensor 164 may measure the degree of opening of the
flow passage switching valve 151, the main valve 152,
and the injection valve 153.
[0077] The outdoor-unit controller 170 may include at
least one memory in which a program for controlling the
overall operation of the outdoor unit 100 is stored, and
at least one processor for executing the stored program.

[0078] The outdoor-unit controller 170 may control the
compressor 120, the valve unit 150, and the fan unit 180
based on commands transmitted from the outdoor-unit
communication interface 190.
[0079] The indoor unit 200 may include a fan unit 280,
a display 241, an inputter 242, a temperature sensor 261,
an indoor-unit communication interface 290, and an in-
door-unit controller 270.
[0080] The fan unit 280 may include the indoor fan 281
installed adjacent to the indoor heat exchanger 230 as
described above.
[0081] The display 241 may be implemented as a dis-
play device such as an LCD, LED, and OLED, and may
display information about the air conditioner 1. For ex-
ample, the display 241 may display information about a
current state of the air conditioner 1 (current operating
mode, set temperature or humidity, etc.) or environmen-
tal information (current indoor temperature or indoor hu-
midity), and may display a screen for guiding a user input.
[0082] For example, the screen for guiding the user
input may include a screen for receiving the operation
mode of the air conditioner 1 as one of the heating mode
and the cooling mode, and a screen for receiving a target
temperature or humidity of the air conditioner 1.
[0083] The inputter 242 may be implemented with a
button, a touch pad, or the like provided on a main body
of the indoor unit 200, or may further include a remote
controller spaced apart from the main body of the indoor
unit 200.
[0084] The inputter 242 may include a power button
for turning on/off power of the air conditioner 1, an oper-
ation selection button for selecting the operation mode,
a wind direction button for selecting a direction of airflow,
an air volume button for selecting an intensity of airflow,
temperature buttons for setting the temperature, and the
like.
[0085] The temperature sensor 261 may measure the
temperature of the indoor air or the temperature of the
indoor heat exchanger 230.
[0086] The indoor-unit communication interface 290
may communicate with the outdoor-unit communication
interface 190 to exchange necessary information with
each other.
[0087] The indoor-unit controller 270 may include at
least one memory storing a program for controlling the
overall operation of the indoor unit 200 and at least one
processor executing the stored program.
[0088] The indoor-unit controller 270 may control the
fan unit 280, the display 241, or the indoor-unit commu-
nication interface 290 based on a user command input
through the inputter 242, the temperature measured by
the temperature sensor 261, or the information received
from the outdoor-unit communication interface 190 by
the indoor-unit communication interface 290.
[0089] In addition, the air conditioner 1 may include a
controller, and the controller may include the outdoor-
unit controller 170 and the indoor-unit controller 270 de-
scribed above.
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[0090] FIG. 5 is a view illustrating a flow of a refrigerant
when an air conditioner operates in a cooling mode ac-
cording to an embodiment, and FIG. 6 is a view illustrating
a flow of a refrigerant when an air conditioner operates
in a heating mode according to an embodiment. Arrows
illustrated in FIGS. 5 and 6 respectively indicate the flow
of the refrigerant.
[0091] When the user selects the cooling mode
through the inputter 242, the indoor-unit controller 270
and the outdoor-unit controller 170 may operate the in-
door unit 200 and the outdoor unit 100 in the cooling
mode, respectively.
[0092] When operating in the cooling mode, the out-
door-unit controller 170 may control the flow passage
switching valve 151 to form the refrigerant flow path
through which the first port 151a and the third port 151c
are connected, and the second port 151b and the fourth
port 151d are connected.
[0093] Referring to FIG. 5, the high-temperature high-
pressure gaseous refrigerant discharged from the dis-
charge port 122 of the compressor 120 may flow into the
first port 151a of the flow passage switching valve 151
(1), and may be discharged through the third port 151c
((2)) and flow into the outdoor heat exchanger 130.
[0094] The outdoor heat exchanger 130 may con-
dense the high-temperature high-pressure gaseous re-
frigerant into the high-pressure liquid refrigerant below
the condensation temperature, and may perform the heat
exchange between the refrigerant and the outdoor air.
The high-pressure liquid refrigerant below the conden-
sation temperature discharged from the outdoor heat ex-
changer 130 may be converted to a high-temperature
high-pressure liquid refrigerant while passing through the
main valve 152, and then expanded while passing
through the indoor unit valve 154 to be the low-temper-
ature low-pressure liquid refrigerant.
[0095] The low-temperature low-pressure liquid refrig-
erant may flow into the indoor heat exchanger 230, and
the indoor heat exchanger 230 may evaporate the intro-
duced liquid refrigerant into the gaseous refrigerant and
perform the heat exchange with the indoor air.
[0096] The gaseous refrigerant discharged from the in-
door heat exchanger 230 may flow into the second port
151b of the flow passage switching valve 151 (3 ), and
the introduced gaseous refrigerant may flow into an inlet
112 of the accumulator 110 through the fourth port 151d
(4).
[0097] The accumulator 110 may filter the liquid con-
tained in the introduced refrigerant and discharge the
low-temperature low-pressure gaseous refrigerant with
the oil through an outlet 111 to supply it to the compressor
120.
[0098] The refrigerant supplied to the compressor 120
may be compressed and discharged at the high-temper-
ature high-pressure from the compressor 120. The air
conditioner 1 may operate in the cooling mode through
the circulation cycle in which the discharged refrigerant
is supplied to the compressor 120 again through the

above-described process.
[0099] When the user selects the heating mode
through the inputter 242, the indoor-unit controller 270
and the outdoor-unit controller 170 may operate the in-
door unit 200 and the outdoor unit 100 in the heating
mode, respectively.
[0100] When operating in the cooling mode, the out-
door-unit controller 170 may control the flow passage
switching valve 151 to form the refrigerant flow path
through which the first port 151a and the second port
151b are connected, and the third port 151c and the
fourth port 151d are connected.
[0101] Referring to FIG. 6, the high-temperature high-
pressure gaseous refrigerant discharged from the dis-
charge port 122 of the compressor 120 may flow into the
first port 151a of the flow passage switching valve 151
(1), and may be discharged through the second port
151b ((2)) and flow into the outdoor heat exchanger 130.
[0102] The indoor heat exchanger 230 may condense
the high-temperature high-pressure gaseous refrigerant
into the high-pressure liquid refrigerant below the con-
densation temperature, and may perform the heat ex-
change between the refrigerant and the indoor air. The
high-pressure liquid refrigerant below the condensation
temperature passing through the indoor unit valve 154
may move to the auxiliary heat exchanger 140.
[0103] The heating mode may be divided into a normal
mode and the injection mode. For example, when the
outdoor temperature is below a preset reference temper-
ature, the heating mode may operate in the injection
mode. When the outdoor temperature exceeds the ref-
erence temperature, the heating mode may operate in
the normal mode. In addition, the injection mode may
include a gaseous injection mode and a two-phase in-
jection mode.
[0104] When operating in the normal mode, the out-
door-unit controller 170 may close the injection valve 153.
When the injection valve 153 is closed, all the refrigerant
passing through the indoor heat exchanger 230 may pass
through the main expansion valve 152 through the main
pipe 101. The low-temperature low-pressure liquid refrig-
erant decompressed in the main expansion valve 152
may be phase-converted from the outdoor heat exchang-
er 130 to the gaseous refrigerant and flow into the flow
passage switching valve 151.
[0105] When the air conditioner 1 operates in the in-
jection mode, the outdoor-unit controller 170 may open
the injection valve 153. When the injection valve 153 is
opened, some of the refrigerant that has passed through
the indoor heat exchanger 230 may pass through the
injection valve 153 and flow through the injection pipe
103, and the other part may flow through the main pipe
101.
[0106] The high-pressure liquid refrigerant below the
condensation temperature flowing through the injection
pipe 103 may go down through the auxiliary heat ex-
changer 140, and the temperature decreases, while
passing through the auxiliary heat exchanger 140 to ex-
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change heat with the refrigerant flowing through the main
pipe 101. In the auxiliary heat exchanger 140, a part of
the liquid refrigerant may be converted into the gaseous
refrigerant. Therefore, the refrigerant heat exchanged in
the auxiliary heat exchanger 140 may exist in a state in
which the liquid refrigerant and the gaseous refrigerant
are mixed.
[0107] The refrigerant in which the liquid refrigerant
and the gaseouss refrigerant are mixed may be injected
into the injection port 123 of the compressor 120 through
the injection pipe 103.
[0108] The refrigerant passing through the auxiliary
heat exchanger 140 through the main pipe 101 may be
depressurized at the main expansion valve 152 to be-
come the low-temperature low-pressure two-phase re-
frigerant, and the outdoor heat exchanger 130 may evap-
orate the low-temperature low-pressure two-phase re-
frigerant into the gaseous refrigerant.
[0109] The gaseous refrigerant discharged from the
outdoor heat exchanger 130 may flow into the third port
151c of the flow passage switching valve 151 (3), and
the introduced gaseous refrigerant may flow into the inlet
112 of the accumulator 110 through the fourth port 151d
(4).
[0110] The accumulator 110 may filter the liquid con-
tained in the introduced refrigerant and discharge the
low-temperature low-pressure gaseous refrigerant with
the oil through the outlet 111 to supply it to the compres-
sor 120.
[0111] The refrigerant supplied to the compressor 120
may be compressed and discharged at the high-temper-
ature high-pressure from the compressor 120. The air
conditioner 1 may operate in the heating mode through
the circulation cycle in which the discharged refrigerant
is supplied to the compressor 120 again through the
above-described process.
[0112] As described above, the outdoor-unit controller
170 may determine whether to enter the injection mode
based on the outdoor temperature transmitted from the
sensors 160. In addition, after the injection mode is de-
termined to be entered, the outdoor-unit controller 170
may prevent damage to the compressor 120 due to liquid
compression by adjusting the dryness and the injection
amount of the refrigerant injected into the compressor
120 to an optimal state through discharge super heat
(DSH) control, and may perform an optimal injection
mode. Hereinafter, the operation of performing the opti-
mal injection mode through the DSH control of the out-
door-unit controller 170 will be described in detail.
[0113] FIG. 7 is a graph illustrating a PH diagram (re-
frigerant diagram) representing a relationship between
enthalpy and pressure.
[0114] A PH diagram may refer to a graph illustrating
various thermodynamic properties related to refrigerants.
The PH diagram may include information about isobaric
lines, constant enthalpy lines, saturated liquid lines, sat-
urated vapor lines, constant temperature lines, constant
entropy lines, and constant dryness lines.

[0115] Referring to the PH diagram with reference to
FIG. 7, in a refrigerant cycle, the refrigerant may have a
total of three states according to changes in pressure. A
left X region in FIG. 7 may refer to a region in which the
refrigerant exists as a liquid in a supercooled state, and
a middle Y region in FIG. 7 is a region in which the re-
frigerant phase changes from the liquid state to the gas-
eous state, that is, the region in which the refrigerant is
mixed with the liquid state and the gaseous state. In ad-
dition, a right Z region in FIG. 7 refers to a region in which
all of the refrigerant in the liquid state vaporizes and exists
as the gaseous state.
[0116] In addition, a line 1 connecting a and b in FIG.
7 may refer to a line separating the refrigerant in the liquid
state from the refrigerant in the liquid and gaseous mix-
ture. The line 1 is called a saturated liquid line. Since
the line 1 is a line that separates the liquid state from
the state in which the liquid state and the gaseous state
are mixed, the refrigerant to start evaporation from the
liquid state to the gaseous state is above the line 1.
[0117] Therefore, in a left region of the saturated liquid
line, a supercooled liquid refrigerant having a tempera-
ture lower than that of the saturated liquid exists, and in
a right region of the saturated liquid line is a mixture of
the liquid refrigerant and the gaseous refrigerant evapo-
rated in the liquid state. The state in which the refrigerant
is mixed in the liquid state and gaseous state is called
wet saturation vapor.
[0118] A line (2) connecting b and c in FIG. 7 may refer
to a line that separates the state in which the refrigerant
is mixed with the liquid state and the gaseous state and
the state in which the refrigerant exists only in the gase-
ous state. The line (2) is called the saturated vapor line.
The line (2) distinguishes the state in which the gaseous
state and the gaseous state and the liquid state are
mixed, so the refrigerant to start evaporation from the
liquid state to the gaseous state is above the line (2).
[0119] Since the refrigerant existing above the line (2)
may refer to the refrigerant in which evaporation is com-
pletely completed from the liquid, it is a dry saturation
vapor state in which no liquid is present, and the temper-
ature of the refrigerant is a saturation temperature like
the liquid to be evaporated.
[0120] In the left region of the saturated vapor line, the
liquid refrigerant and the gaseous refrigerant are mixed,
and only the gaseous refrigerant exists in the right region
of the saturated vapor line, and the gaseous refrigerant
at this time may indicate a state of superheated vapor
higher than the saturation temperature. That is, the gas-
eous refrigerant in the right region of the saturated vapor
line has a higher temperature than the liquid evaporating
under the same pressure.
[0121] In addition, the point b where the saturated liq-
uid line and the saturated vapor line meet is called a
critical point, and a pressure and a temperature at the
critical point are called a critical pressure and a critical
temperature. The critical temperature may refer to the
highest temperature at which the refrigerant can con-
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dense. Therefore, the refrigerant is no longer condensed
above the critical temperature.
[0122] FIG. 8 is a view illustrating constant dryness
lines in a PH diagram.
[0123] In the PH diagram, when the refrigerant is
present in the Y region, that is, a mixture of the liquid
refrigerant and the gaseous refrigerant in the PH dia-
gram, the constant dryness line may refer to a line con-
necting the same a position where a ratio of the liquid
refrigerant and the gaseous refrigerant is the same. In
FIG. 8, nine constant dryness lines may be illustrated as
an example.
[0124] In FIG. 8, X may represent a proportion of the
gaseous state. Therefore, the refrigerant of the constant
dryness line with X=0.1 has 10% of the gaseous refrig-
erant and 90% of the liquid refrigerant existing, and the
refrigerant of the constant dryness line with X=0.7 has
70% of the gaseous refrigerant and 30% of the liquid
refrigerant existing. Naturally, the refrigerant on the sat-
urated liquid line has X being 0, so only the liquid refrig-
erant exists, and the refrigerant on the saturated vapor
line X being 1, so only the gaseous refrigerant exists.
[0125] FIG. 9 is a graph illustrating a circulation proc-
ess of a refrigerant in a PH diagram in an injection-type
air conditioner for injecting a gaseous refrigerant, and
FIG. 10 is a graph illustrating a circulation process of a
refrigerant in a PH diagram in an air conditioner of a two-
phase injection type in which a liquid refrigerant and a
gaseous refrigerant are mixed.
[0126] Referring to FIGS. 9 and 10, the low-tempera-
ture low-pressure gaseous refrigerant (1) may be com-
pressed into a high-temperature high-pressure gaseous
refrigerant as it enters the compressor. During the com-
pression process, the gaseous refrigerant or the two-
phase refrigerant in the injection channel may be addi-
tionally injected into the compressor.
[0127] The refrigerant that has passed through the
compressor may be converted into the refrigerant in a
low-temperature and high-pressure liquid state as it en-
ters the condenser (5), and the refrigerant converted
into the liquid state may be divided into a first path to the
evaporator and a second path to the injection valve.
[0128] The low-temperature high-pressure liquid re-
frigerant (:) directed to the evaporator along the first
path may be converted into the two-phase refrigerant in
which low-temperature low-pressure liquid and gaseous
phases are mixed while passing through the main valve
(;), and the refrigerant that has passed through the main
valve may flow into the evaporator, and the refrigerant
that has passed through the evaporator may be convert-
ed into the high-temperature high-pressure gaseous re-
frigerant (1).
[0129] On the other hand, the refrigerant flowing into
the injection valve along the second path may change
the state of the refrigerant while passing through the in-
jection valve. In the case of a gas injection-type air con-
ditioner that injects only the gaseous refrigerant, as illus-
trated in FIG. 9, after the refrigerant is converted into the

two-phase refrigerant in which the liquid state and the
gaseous state are mixed (6), it is converted back into
the gaseous state and introduced into the compressor
(7).
[0130] However, the air conditioner of the two-phase
injection type injecting the two-phase refrigerant in which
the liquid state and the gaseous state are mixed, as il-
lustrated in FIG. 10, after the refrigerant may be convert-
ed into the two-phase in which the liquid state and the
gaseous state are mixed (6). The two-phase refrigerant
may flow into the compressor (7).
[0131] Therefore, the compressor of the two-phase in-
jection-type air conditioner simultaneously compresses
the refrigerant in the gaseous state introduced through
the first path and the refrigerant in the two-phase mixture
of the liquid state and the gaseous state introduced
through the second path and converts the compressed
refrigerant into the high-temperature high-pressure gas-
eous refrigerant.
[0132] In the case of the two-phase injection-type air
conditioner that injects the mixture of the liquid refrigerant
and the gaseous refrigerant as illustrated in FIG. 10, since
the discharge temperature of the compressor may be
reduced, there is an advantage of increasing the frequen-
cy of the compressor in a wider temperature condition.
[0133] However, in the case of the two-phase injection-
type air conditioner, when the amount of the refrigerant
flowing from the injection valve to the compressor in-
creases, a problem of compressor damage due to liquid
compression may occur inside the compressor, and
when the frequency of the compressor is excessively in-
creased to increase the heating efficiency, there is a prob-
lem that the refrigerant and the oil may be deteriorated.
[0134] Therefore, in the two-phase injection-type air
conditioner, the present disclosure is to provide the air
conditioner and the method of controlling the air condi-
tioner, which can prevent the problem of compressor
damage caused by liquid compression while increasing
the heating efficiency. Hereinafter, a control method and
an operating principle of the air conditioner according to
the embodiment will be described with reference to the
drawings.
[0135] FIGS. 11 and 12 are views illustrating a rela-
tionship between vibration of a compressor and an injec-
tion ratio according to dryness of a refrigerant.
[0136] Particularly, FIG. 11 is a view illustrating the re-
lationship between a vibration value of the compressor
and an injection ratio when the outdoor temperature is
-15 degrees and the frequency of the compressor is op-
erating at 130 Hz. FIG. 12 is a view illustrating the rela-
tionship between the vibration value of the compressor
and the injection ratio when the outdoor temperature is
7 degrees and the frequency of the compressor is oper-
ating at 60 Hz.
[0137] The dryness may refer to a mass ratio of satu-
rated vapor in wet saturation vapor. The injection ratio
may refer to the flow ratio of the flow path flowing into
the main valve and the injection valve.
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[0138] Referring to FIGS. 11 and 12, it can be seen
that the vibration of the compressor increases rapidly
when the dryness of the injected refrigerant becomes
0.65 or less. That is, when the dryness of the refrigerant
flowing into the compressor is 0.65 or less, liquid com-
pression occurs inside the compressor, which causes
the problem that the compressor may be damaged.
Therefore, in the case of the injection-type air conditioner,
the problem of damage to the compressor may be pre-
vented by maintaining the dryness of the refrigerant flow-
ing into the compressor at 0.65 or above.
[0139] However, it is difficult to directly measure the
dryness of the refrigerant flowing into the injection. There-
fore, the air conditioner 1 according to the embodiment
may calculate the relationship between the dryness of
the refrigerant and the injection ratio, may measure the
dryness of the refrigerant by indirectly measuring the dry-
ness of the refrigerant based on the injection ratio, and
may efficiently operate the air conditioner 1 by controlling
the degree of opening of the injection valve based on this.
[0140] Looking at this in detail, it can be seen that, as
illustrated in FIGS. 11 and 12, the dryness of the refrig-
erant and the injection ratio have a linear relationship.
That is, when the injection ratio is 0.4, the dryness of the
refrigerant becomes 0.65, so when the injection ratio is
controlled to 0.4 or less, the dryness of the coolant may
be controlled to 0.65 or above.
[0141] Accordingly, the air conditioner 1 according to
the embodiment may calculate the opening ratio of the
two valves 152 and 153 using various values associated
with the main valve 152 and the injection valve 153, and
may calculate the flow ratio of the injection valve 153
based on this. Particularly, the air conditioner 1 may de-
termine whether the calculated flow ratio is included in a
preset range. When not included in the preset range, the
air conditioner 1 may control the degree of opening of at
least one of the main valve 152 and the injection valve
153 to control the flow ratio to be included in the preset
range. The control method will be described in detail in
FIG. 15. Hereinafter, the method of calculating the flow
ratio will be described in detail.
[0142] FIG. 13 is a graph illustrating a relationship be-
tween an injection ratio and an opening ratio of an elec-
tronic expansion valve, and FIG. 14 is a view illustrating
equations and specific values required to calculate an
injection ratio.
[0143] The values and equations illustrated in the
graph of FIG. 13 are the results obtained through exper-
iments, and the relationship between injection ratio Rinj
and opening ratio Reev of the two valves 152 and 153
through the experiment may be deduced from Equation
1 below.

[0144] Therefore, in order to calculate the injection ra-
tio, it is necessary to calculate the opening ratio Reev of
the two valves 152 and 153, and the opening ratio Reev
of the two valves 152 and 153 may be expressed as in
Equation 2 below.

[0145] De.inj and De.suc may be expressed to calcu-
late the injection ratio as Equation 3 below.

[0146] Therefore, if the necessary values in Equation
3 are known, the injection ratio may be calculated through
Equation 2 and Equation 1.
[0147] Hereinafter, the method of calculating the injec-
tion ratio based on the displayed values of FIG. 14 will
be described. The values described below are numerical
values described as an example for convenience of ex-
planation, and are not limited thereto, and may be
changed and set to various values according to usage
conditions, and the values may be set by the user.
[0148] Referring to the items illustrated in the table of
FIG. 14, an EEV Opening value may refer to an opening
value of the currently detected valve, and the EEV Open-
ing, full value may refer to a maximum value of the valve
opening degree. In addition, an EEV Start value may refer
to an initial value of the valve opening degree in which
the flow occurs in the valve, and D may refer to an inner
diameter size mm of a valve hole. The EEV opening ratio
Reev may refer to an opening ratio of the main valve 152
and the injection valve 153, and the injection ratio may
refer to a ratio of the amount of the refrigerant flowing
into the main valve 152 flow path and the amount of the
refrigerant flowing into the injection valve 153.
[0149] Among the values illustrated in the table of FIG.
14, the EEV opening value may refer to the opening val-
ues of the main valve 152 and the injection valve 153,
which are detected in real time. Since other EEV opening
maximum values, EEV initial values, and EEV hole inner
diameter sizes are preset and produced according to the
production method of the air conditioner, the set value
may be applied. Therefore, if only the opening value of
the valve is measured, the opening ratio and the injection
ratio of the two valves 152 and 153 may be calculated
using different values.
[0150] Referring to FIG. 14, the method of calculating
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the injection ratio, when the opening value of the detected
injection valve 153 is 95, using Equation 3, De.inj =
((95-40) / (480 -40)) ∗ 2.4 = 0.3. When the opening value
of the detected main valve 152 is 380, De.inj = ((380-120)
/ (2000 -120)) ∗ 6.4 = 0.89 may be obtained using Equa-
tion 3.
[0151] Equation 2 may be used to calculate the open-
ing ratio of the injection valve 153 and the main valve
152 (Reev = (0.3)/(0.89) = 0.34). Through Equation 3,
the flow ratio of the injection valve 153 and the main valve
152 may be calculated as Rinj = -0.77 ∗ 0.34 ∗ 0.34 +
1.33*0.34-0.08 = 0.28.
[0152] Therefore, when the opening values of the main
valve 152 and the injection valve 153 are measured, the
injection ratio may be calculated based on this and the
operation of the air conditioner 1 may be efficiently con-
troller by controlling the degree of opening of the injection
valve 153 based on the calculated injection ratio. Here-
inafter, an operation control method of the air conditioner
1 will be described with reference to the drawings.
[0153] FIG. 15 is a flowchart illustrating a method of
controlling an air conditioner according to an embodi-
ment.
[0154] Referring to FIG. 15, the air conditioner 1 may
measure the degree of opening of the main valve 152
and the injection valve 153 (S110).
[0155] When the degree of opening of the two valves
152 and 153 is measured, the opening ratio Reev be-
tween the two valves 152 and 153 may be calculated
based on the measured value (S120), and the flow ratio
between the main valve 152 and the injection valve 153
may be calculated based on the calculated opening ratio
(S130).
[0156] The method of calculating the opening ratio and
the flow ratio was described in detail in FIG. 14 and will
be omitted.
[0157] When the flow ratio is calculated, it may be de-
termined whether the calculated flow ratio is included in
the preset range (S140).
[0158] The preset range may be a range in which liquid
compression does not occur in the compressor 120, and
particularly, refer to a range in which the injection ratio
does not exceed a limit value. In addition, the limit value
may include a range in which the flow ratio is 0.35 to 0.45.
That is, when the flow ratio does not exceed 0.35 to 0.45,
it can be considered that it is included in the preset range.
[0159] In addition, the preset range is not limited to the
above-described values, and the preset range may be
variously set according to the operating environment and
conditions of the air conditioner 1.
[0160] When the calculated flow ratio is included in the
preset range, since the air conditioner 1 is operating ef-
ficiently, it may be terminated without taking special
measures. However, when the calculated injection ratio
is not included in the preset range, since the compressor
may be damaged due to liquid compression, the degree
of opening of the injection valve 153 may be controlled
to control the amount of the refrigerant flowing into the

compressor. Particularly, the degree of opening of the
injection valve 153 may be reduced to reduce the flow
ratio (S150).
[0161] Therefore, the air conditioner 1 according to the
embodiment has the advantage of preventing damage
to the compressor 120 due to liquid compression through
the method and simultaneously increasing the amount
of the refrigerant flowing into the compressor 120 to ef-
ficiently operate the air conditioner 1. In addition, accord-
ing to the degree of opening of the injection valve 153 to
be changed, the risk of liquid compression may be de-
termined in advance and countermeasures may be taken
in advance, thereby providing a more reliable air condi-
tioner 1.
[0162] In addition, in the case of a conventional injec-
tion-type air conditioner, there was a disadvantage in that
the efficiency was not good by applying a uniformly small
size of the injection valve in order to prevent the com-
pressor from being damaged by liquid compression. The
air conditioner 1 has the advantage of securing stability
even when the injection valve having a size of various
ranges is employed.
[0163] The air conditioner 1 and the control method
thereof according to the embodiment have been de-
scribed through the drawings.
[0164] Although the embodiments have been de-
scribed by the limited embodiments and the drawings
thus far, those skilled in the art can make various modi-
fications and variations from the above description. For
example, appropriate results can be achieved even if the
described techniques are performed in a different order
than the described method, and/or the components of
the described system, structure, device, circuit, etc. are
combined in a different form from the described method
or replaced by other components or equivalents.
[0165] Therefore, other implementations, other em-
bodiments, and equivalents to the claims are also within
the scope of the following claims.

Claims

1. An air conditioner comprising:

a compressor configured to compress a refrig-
erant;
an indoor heat exchanger configured to convert
a gaseous refrigerant into a liquid refrigerant in
a heating mode;
an outdoor heat exchanger configured to con-
vert the liquid refrigerant into the gaseous refrig-
erant in the heating mode;
a main pipe configured to connect the indoor
heat exchanger and the outdoor heat exchang-
er;
an injection pipe branched from the main pipe
and configured to connect to an injection port of
the compressor;
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a main valve installed on the main pipe and con-
figured to control flow rate of the refrigerant flow-
ing into the main pipe;
an injection valve installed on the injection pipe
and configured to control the flow rate of the re-
frigerant flowing into the injection pipe; and
a controller configured to calculate an injection
ratio based on a degree of opening of the injec-
tion valve and the main valve, and to control the
degree of opening of the injection valve when
the calculated injection ratio is not included in a
preset range.

2. The air conditioner according to claim 1, wherein the
controller is configured to control the degree of open-
ing of the injection valve based on a relationship be-
tween the injection ratio and dryness of the refriger-
ant flowing from the injection.

3. The air conditioner according to claim 1, wherein the
controller is configured to control the degree of open-
ing of the injection valve such that the injection ratio
is included in the preset range.

4. The air conditioner according to claim 1, wherein the
controller is configured to reduce the degree of open-
ing of the injection valve when the injection ratio is
not included in the preset range.

5. The air conditioner according to claim 1, wherein the
preset range does not exceed a limit value, and
wherein the limit value comprises a range of 0.35 to
0.45.

6. The air conditioner according to claim 1, wherein the
controller is configured to calculate an opening ratio
of the injection valve and the main valve based on
the degree of opening of the injection valve and the
main valve.

7. The air conditioner according to claim 6, wherein the
controller is configured to calculate the opening ratio
of the injection valve and the main valve based on a
maximum value of an opening degree of the main
valve and the injection valve, a length of an inner
diameter, and an initial value of the opening degree
at which the flow rate occurs in the main valve and
the injection valve.

8.  The air conditioner according to claim 6, wherein
the controller is configured to calculate the injection
ratio based on the opening ratio of the injection valve
and the main valve.

9. The air conditioner according to claim 1, wherein the
compressor is configured to compress the refriger-
ant mixed with the liquid refrigerant and the gaseous
refrigerant flowing from the injection valve and the

liquid refrigerant flowing from the main valve.

10. A method of controlling an air conditioner including
a compressor, an indoor heat exchanger, and an out-
door heat exchanger, the method comprising:

calculating an injection ratio based on a degree
of opening of a main valve installed on a main
pipe and controlling flow rate of a refrigerant
flowing into the main pipe and a degree of open-
ing of an injection valve installed on an injection
pipe and controlling the flow rate of the refriger-
ant flowing into the injection pipe; and
controlling the degree of opening of the injection
valve when the calculated injection ratio is not
included in a preset range.

11. The method according to claim 10, wherein the con-
trolling of the degree of opening of the injection valve
comprises:
controlling the degree of opening of the injection
valve based on a relationship between the injection
ratio and dryness of the refrigerant flowing from the
injection.

12.  The method according to claim 10, wherein the con-
trolling of the degree of opening of the injection valve
comprises:
controlling the degree of opening of the injection
valve so that the injection ratio is included in the pre-
set range.

13. The method according to claim 10, wherein the con-
trolling of the degree of opening of the injection valve
comprises:
reducing the degree of opening of the injection valve
when the injection ratio is not included in the preset
range.

14. The method according to claim 10, wherein the pre-
set range cannot exceed a limit value, and
wherein the limit value comprises a range of 0.35 to
0.45.

15. The method according to claim 10, wherein the con-
trolling of the degree of opening of the injection valve
comprises:
calculating an opening ratio of the injection valve and
the main valve based on the degree of opening of
the injection valve and the main valve.
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